1. Introduction {#sec0005}
===============

The emergence and rapid expansion of major epidemics, besides the influence on the daily lives of people through changing health, economic, working style, social and political routines, also has a significant impact on existing information technology (IT) products, with a great emphasis on large-scale information systems (IS) which are exploited on a daily basis. During outbreaks, especially those with a pandemic character, the following key activities \[[@bib0005]\] which are updated with COVID-19 strategy \[[@bib0010]\] have been identified whose strict implementation has an impact on the reduction of number of infected people and suppression of the spread of epidemic:1Movement reduction and social distancing (decreasing the number of possible contacts) especially for vulnerable groups (elderly people, chronic patients) \[[@bib0015]\],2Encouragement and promotion of universal face mask use in public areas \[[@bib0020]\],3Good ventilation, regular temperature monitoring and hand hygiene \[[@bib0025]\],4Lowering the need of healthy people to come to environments with the huge probability of the viral pathogen presence (e.g. decreasing the arrival of healthy people to health institutions),5The earliest possible identification of infected patients (including infected healthcare workers) and their contacts,6Isolation of persons who are suspected to be infected with the virus \[[@bib0030]\] (the persons not yet diagnosed with the disease),7Monitoring persons during home isolation in order to check whether they follow the rules of self-isolation,8Make as many digital (government, administration, health such as telehealth \[[@bib0035]\]) online services as possible available to people to reduce their need to exit and be exposed to the infectious environment.

The main problem that naturally arises is the efficient suppression of the rapid spread of epidemic i.e. reducing the number of persons who could be exposed to the infection through the proposed key activities. The reduction of disease transmission is most efficiently conducted by socially distancing people from each other and reducing their contacts \[[@bib0040]\]. Additionally, educational campaigns which strengthen the understanding of the outbreak and adhere to mitigation strategies need to be conducted in order to raise awareness about the COVID-19 disease and its consequences. Some epidemics have the characteristic of rapid pathogen spread, which causes them with the high incidence of hospitalized and severely ill patients. Emerging of an enormous number of patients, suffering from the disease which causes the epidemic, within a short period of time, can become a major problem for the whole healthcare system of a country especially with an emphasis on the secondary or tertiary protection level. Even well-developed countries with the most sophisticated healthcare systems can easily experience the healthcare collapse during epidemics \[[@bib0045]\] (e.g. Italy \[[@bib0050]\], USA \[[@bib0055]\], Spain \[[@bib0060]\], UK \[[@bib0065]\]). The primary healthcare system in such circumstances needs to undertake significant steps in early diagnosing of ill patients and reducing the degree of contact in order to avoid the collapse of secondary and tertiary level. Besides engaging healthcare resources to combat the epidemic, the need emerges for an intensive use of IT solutions.

This paper presents the adaptation and extension of existing medical information system (MIS) as an efficient response to the rapid COVID-19 epidemic spread, mostly through influencing the reduction of social contacts and earliest possible identification of potentially infected persons.

The objective of this paper is increasing the degree of social distancing (decreasing unnecessary physical contacts in a healthcare institution and city in general) which is accomplished by adapting the existing MIS MEDIS.NET \[[@bib0070]\]. The implementation of social distancing is based on the following relationships: patient to patient and patient to healthcare worker. The adjusted MIS gave an efficient response to the rapid spread of pandemic caused by COVID-19. By adapting MIS MEDIS.NET a software support is granted to the Healthcare Centre Nis (HCN) to combat the fast-spreading disease COVID-19. The software support is provided to the following key proposed activities: 1, 4, 5, 6, 8.

2. Background and related work {#sec0010}
==============================

The novel coronavirus appeared by the end of 2019 and is named SARS-CoV-2 \[[@bib0075]\]. It was discovered in China by the end of 2019 in the city of Wuhan, the province of Hubei \[[@bib0080]\]. The disease caused by the virus SARS-CoV-2 is named COVID-19. For COVID-19 the World Health Organization (WHO) assigned the urgent ICD-10 diagnosis U07.1 \[[@bib0085]\]. Since its emergence, COVID-19 is the center of attention of many researchers. One recent study \[[@bib0090]\] reviewed the virology, origin, epidemiology, clinical manifestations, pathology and treatment of COVID-19 and compared it with SARS-CoV and MERS-CoV infections. According to its results the new virus is closely related to the virus SARS-CoV which appeared in November 2002.

The 138 hospitalized patients infected with COVID-19 in Wuhan had the following common symptoms: fever (136 \[98.6 %\]), fatigue (96 \[69.6 %\]) and dry cough (82 \[59.4 %\]). Chest computed tomographic scans of all infected patients showed bilateral patchy shadows or ground glass opacity in the lungs \[[@bib0095]\]. The COVID-19 disease in most of the cases affects older men with comorbidities and can lead to severe as well as life-threatening respiratory diseases. The average age of these patients infected by new coronavirus in Wuhan was 55.5 years (SD 13.1) and 51 % of them had some chronic disease \[[@bib0100]\]. The most vulnerable patients have chronic diseases such as diabetes, hypertension and cardiovascular disease with possible complications, which include acute respiratory distress syndrome (ARDS), RNAaemia, acute cardiac injury and secondary infection \[[@bib0105]\].

The [Fig. 1](#fig0005){ref-type="fig"} shows the exponential growth of the affected and deceased people worldwide infected by COVID-19 \[[@bib0110]\]. Due to prolonged lockdown and fear of infection, COVID-19 adversely affect the mental health of the general population throughout the pandemic \[[@bib0115]\]. After the emergence in China, the crisis centers became Europe and North America. Currently the most vulnerable countries in the world are the most developed countries with a quality and modern healthcare system: USA, Spain, Italy, France, Germany, UK (April 22, 2020) \[[@bib0120]\]. Owing to the character of COVID-19, the WHO marked the outbreak of virus SARS-CoV-2 as the pandemic on March 11, 2020.Fig. 1Worldwide spread and trends of COVID-19 during the first 15 weeks in 2020. Data for visualization are collected from \[[@bib0110]\].Fig. 1

The first case of the affected by the virus in the Republic of Serbia (RS) was recorded on March 6, 2020. The exponential growth of patients affected by COVID-19 is recorded in RS \[[@bib0125]\].

The Government of RS formed on April 3 the COVID-19 IS \[[@bib0130]\]. The aim of this IS is to carry out epidemiological surveillance related to COVID-19. Due to the exponential and easy spread of the highly contagious COVID-19 disease, it was necessary to rapidly adapt the existing MIS during the beginning of the COVD-19 pandemic.

Due to the exponential growth of the COVID-19 disease it is crucial to develop triage protocols in order to identify and isolate patients suspected of having the COVID-19 infection in COVID-19 temporarily hospitals or special departments in existing health institutions for the isolation of patients. In this way the disruption of normal medical care would be mitigated. A successful protocol for triage during a pandemic requires a more detailed planning, which involves a constant data collection: about the patient (demographic and medical data), data about availability of healthcare resources \[[@bib0135]\]. A patient portal-based COVID-19 self-triage and self-scheduling tool was created and it was made available to all primary care patients at the large academic health system at the University of California, San Francisco (UCSF) Health \[[@bib0140]\]. Based on the results, during first 16 days of use symptomatic patient triage dispositions were as follows: 193 emergent (24 %), 193 urgent (24 %), 99 nonurgent (12 %), 329 self-care (40 %) and sensitivity for detecting emergency-level care was 87.5 %. According to the research findings the integration of patient self-triage tools into electronic health record (EHR) systems has a great potential in improving the triage efficiency and preventing unnecessary visits during the COVID-19 pandemic.

The estimate of effects of physical distancing measures on the progression of the COVID-19 epidemic was conducted \[[@bib0145]\]. Synthetic location-specific contact patterns in Wuhan were used and adapted in presence of school and workplace closures as well as the general reduction in mixing in the community. Using an age-structured susceptible-exposed-infected-removed (SEIR) model the authors simulated the ongoing trajectory of the epidemic. They fitted the latest estimates of epidemic parameters and investigated the age distribution of cases. Lifting of the control measures, such as allowing people to return to work in a phased-in way was also simulated. The effects of returning to work at the beginning of March or April were investigated. Based on the results, physical distancing measures showed to be most effective if staggered return to work happened at the beginning of April, which reduced the average number of cases by more than 92 %. The authors summed up that if restrictions maintained until April, they would delay the peak of epidemic. Sudden lifting of measures could provoke an earlier secondary peak. Such a scenario can be avoided by relaxing the measures gradually.

The tools and methods developed for the identification of possible patients who suffer from some chronic disease show that the automatic summarization would help identify all patients with at least one record related to the diagnosis usually marked as chronic, with the final approval of medical professionals \[[@bib0150]\]. The results show that depending on the data filter definition, the total percentage of newly discovered patients with a chronic disease is between 35 % and 53 %, as expected. It is important to mark chronic patients during the regular physician's visit during the COVID-19 pandemic in MIS MEDIS.NET since they belong to the vulnerable and high-risk groups.

The use of smart technologies has been the focal point of many researches worldwide. Especially in recent times the researchers are focusing on developing phone applications which track infected and potentially infected people in order to suppress the spread of COVID-19. The Pan-European Privacy Preserving Proximity Tracing (PEPP-PT) \[[@bib0155]\] is a platform on whose development works a team of 130 researchers from 8 European countries. On the basis of this software national authorities remain free to decide how to inform persons that they were in contact with someone who was tested positive. World-renowned companies such as Apple and Google \[[@bib0160]\] are developing a smartphone platform that tracks the spread of COVID-19 by using proximity capabilities built into Bluetooth Low Energy transmissions, which enables the actual tracking of physical contacts of phone users who agreed to participate. The user who is tested positive for COVID-19 can enter the result into a health department-approved application. All other participating phone users who recently had a contact at the distance of approximately six feet with the infected user will be contacted by the application. During the largest Ebola epidemic in West Africa (2014--2016) researches developed an Ebola contact tracing (ECT) application for tracing contacts \[[@bib0165]\]. The authors compared results of the application developed with the existing paper-based system. Based on their research, the app-based contact tracing recorded 63 % of contacts of laboratory-confirmed cases, whereas paper-based contact tracing achieved the result of 39 % with often incomplete data. The developed smartphone application is linked to an alert central system to notify the District Ebola Response Centre of symptomatic contacts. The authors agreed that despite many challenges the use of application had benefits, such as improved data completeness, storage and accuracy.

The development of smart healthcare system is a highly important factor from the perspective of patients (e.g. better health self-management, timely and appropriate medical services can be accessed when needed), healthcare employees (e.g. reduce costs, relieve personnel pressure, achieve unified management of materials and information, and improve the patient\'s medical experience) and research institutions (e.g. reduce the cost of research, reduce research time, and improve the overall efficiency of research) \[[@bib0170]\]. The researchers emphasized the importance of new generation of information technologies, such as internet of things (IoT), mobile Internet, cloud computing, big data, 5 G, microelectronics, and artificial intelligence in order to build smart healthcare. Furthermore, Big Data Computational Epidemiology is a new and exciting multidisciplinary area that uses computational models and big data for identifying and controlling the spatiotemporal spread of disease through populations (e.g. the H1N1 influenza) \[[@bib0175]\].

In today's era of informatization many health care institutions are facing the need to rapidly improve their IT infrastructure to meet the challenges of modern times, such as the outbreak of COVID-19. The health facilities need to be prepared for the exponential growth of patients \[[@bib0180]\].

3. Materials and methods {#sec0015}
========================

On the territory of RS as MIS several solutions are used among which are, during the last 10 years, the most dominant 3, one of them being MEDIS.NET \[[@bib0185]\]. MEDIS.NET is MIS which is used in the southeast of Serbia in 25 healthcare facilities of the primary healthcare. It was developed at the Faculty of Electronic Engineering in Nis, in the Laboratory for Medical Informatics. MIS MEDIS.NET is licensed by the Ministry of Health of RS for the use in the primary healthcare on the territory of the whole country.

The city of Nis is the second largest city by land area and population in Serbia and represents the second huge center of disease in RS during the COVID-19 pandemic. There is only one health center in Nis which besides the central facility has 63 branches on the territory of Nis district. The HCN is the largest primary healthcare institution in RS and in the Balkans as per the number of patients who gravitate towards it (about half a million). More than 10 years MIS MEDIS.NET is intensively used in the HCN (since 2009 to date). The adaptation and extension of MIS MEDIS.NET in response to the pandemic is done especially for the needs of the HCN. During the adaptation of MEDIS.NET the data from the HCN database were used. That immense amount of structured data enabled the identification and division of several groups of patients who were most affected by the COVID-19 pandemic ([Tables 1](#tbl0005){ref-type="table"} and [2](#tbl0010){ref-type="table"} ), as well as the development of additional software modules, which help healthcare workers to proactively act in the suppression of pandemic. Before the beginning of COVID-19 pandemic MIS MEDIS.NET did not have specifically developed software functionalities (modules, subsystems) which would help healthcare workers and patients to combat seasonal and exceptional pandemics.Table 1Percentage of inhabitants as per age and risk category group in the city of Nis. The Risk category: LR -- Low Risk, MR -- Medium Risk, HR -- High Risk, \*HR -- The Highest Risk.[\*](#tblfn0005){ref-type="table-fn"}.Table 1Age Structured CategoryPercentage of Inhabitants by Age Structured CategoryAverage AgeStandard Deviation95 % Confidence IntervalRisk CategoryPercentage of Inhabitants by Risk CategoryAverage AgeStandard Deviation95 % Confidence Interval\[0−6\]4.273.192.26\[3.16, 3.22\]LR14.219.865.37\[9.82, 9.90\]\[7--18\]9.9412.723.43\[12.69, 12.75\]\[19--34\]17.9326.864.50\[26.83, 26.89\]MR53.5941.8013.04\[41.75, 41.85\]\[35−64\]35.6649.318.77\[49.27, 49.36\]\[65−79\]18.1571.334.31\[71.30, 71.36\]HR18.1571.334.31\[71.30, 71.36\]80+14.0586.504.45\[86.46, 86.53\]\*HR14.0586.504.45\[86.46, 86.53\][^1]Table 2Top 10 chronic ICD-10 diagnoses with percentage of chronic patients and average age at Health Center Nis.[\*](#tblfn0010){ref-type="table-fn"}.Table 2Chronic ICD-10 DiagnosisPercentage of Chronic PatientsAverage AgeStandard Deviation95 % Confidence IntervalI10 - Essential (primary) hypertension26.0961.1518.11\[61.05, 61.25\]E11 - Type 2 diabetes mellitus7.0266.4915.70\[66.32, 66.65\]I20 - Angina pectoris4.9172.8812.97\[72.71, 73.04\]I49 - Other cardiac arrhythmias4.8967.3017.96\[67.06, 67.53\]J45 - Asthma4.2439.5125.89\[39.15, 39.87\]J44.0 - Chronic obstructive pulmonary disease with (acute) lower respiratory infection3.4156.5127.89\[56.08, 56.94\]N40 - Hyperplasia of prostate2.3072.4412.20\[72.21, 72.67\]E10 - Type 1 diabetes mellitus1.6567.7416.15\[67.38, 68.10\]H40 - Glaucoma1.4869.7416.13\[69.36, 70.12\]N30.1 - Cystitis1.1652.0323.47\[51.41, 52.65\][^2]

The algorithm of triage of patients for the care of patients in critical conditions during the flu pandemic which utilizes Sequential Organ Failure Assessment (SOFA) score \[[@bib0190]\] was used for this research. This triage algorithm has 4 main components: inclusion criteria, exclusion criteria, minimum qualifications for survival and a prioritization tool. Guidance for making triage decisions during the first days to weeks of the influenza pandemic, if the critical care system becomes overloaded, was provided by the algorithm. The triage algorithm for the needs of the COVID-19 pandemic was adapted and implemented in the *Module for Smart Patients Triage (MSPT)* in MIS MEDIS.NET as a questionnaire. The Box 2 contains detailed inclusion and exclusion criteria in the triage protocol for critical care during the influenza pandemic \[[@bib0190]\]. Two items were added in the inclusion criteria section before the existing item A in the Box 2. These items are *1 - Contact with COVID-19 positive person*, *2 - COVID-19 positive test*. The item *Kidney failure* was added in the exclusion criteria section under subsection I *- End-stage organ failure meeting the following criteria*. For each patient, physicians receive a digital questionnaire in EHR \[[@bib0195]\] that corresponds to the suggested items in the algorithm. After completing the questionnaire with medical data the SOFA score is received, based on which the action and patient priority are determined.

4. Results {#sec0020}
==========

Since social distancing is one of the most efficient methods for the suppression of coronavirus certain modules of MIS MEDIS.NET were adjusted and the new ones were developed. The main objective was to equip MIS MEDIS.NET with well-developed and adjusted modules, which would further assist in the implementation of social distancing. Through the use of those modules the following results were achieved: the exposure to the coronavirus of vulnerable groups was minimized, the interaction based on the patient to patient and patient to healthcare worker relationship was reduced, the configurable questionnaire for fast patient triage was developed, the online communication between patients and physicians was established. In the continuation, modules from MIS MEDIS.NET which are most relevant to the coronavirus are presented. In the section that follows, it is also presented how these modules respond during the COVID-19 pandemic, especially during the first weeks since the introduction of the emergency state in RS.

4.1. MIS MEDIS.NET key modules used to combat COVID-19 {#sec0025}
------------------------------------------------------

In the [Fig. 2](#fig0010){ref-type="fig"} a block diagram of key modules from MIS MEDIS.NET and their connections is presented. The red modules in the diagram are completely new modules, developed especially so that MEDIS.NET could help the healthcare workers of HCN and patients during the COVID-19 pandemic. The green modules are pre-existing modules which were upgraded with additional functionalities.Fig. 2MIS MEDIS.NET -- Key modules and the most important connections among them.Fig. 2

### 4.1.1. Newly developed modules {#sec0030}

Due to the COVID-19 pandemic the state service of *COVID-19 Republic IS* \[[@bib0130]\] was urgently developed and put into operation for the collaboration with existing types of MIS in RS. The integration of *COVID-19 Republic IS* with MIS MEDIS.NET enabled the online communication between patients and chosen physicians, as well as medical data exchange between them.

The algorithm of patients' triage who came to the health center for an examination during the state of emergency in the RS and the pandemic of COVID-19 is presented in the [Fig. 3](#fig0015){ref-type="fig"} . The algorithm shows the modules of MIS MEDIS.NET which were used during triage of patients, one of them being *MSPT*, which is applied for triage at the waiting room. In *MSPT* chronic and acute patients are classified into 4 groups according to the degree of urgency (Green, Yellow, Red, Blue), which is calculated using the developed dynamic questionnaire ([Fig. 4](#fig0020){ref-type="fig"} ) according to the SOFA score \[[@bib0190]\] adapted for COVID-19. The questionnaires contain questions which can be answered after the laboratory analyses have been done and the results have been obtained, so it is first necessary to complete chosen biochemical analyses. There is a predefined set of biochemical analyses for COVID-19 cases. Using deep neural network (DNN) and the data from the database, the DNN model was developed and trained for the recommendation of biochemical analyses to physicians. Besides the COVID-19 predefined set of biochemical analyses, the system using the DNN developed and trained model, automatically offers additional biochemical analyses. Offered analyses depend on patient's current vital parameters and medical history. The physician at the end decides which recommended analyses can be accepted and also has the possibility to add new analyses. For the creation of dynamic questionnaires in MIS MEDIS.NET a special tool was developed, which enables the creation of a higher number of questionnaires. The questionnaires appear both in *MSPT* and the EHR. The emergence of questionnaires in some modules of MIS MEDIS.NET depends on the sets of privileges per modules.Fig. 3A patient triage algorithm in a health center that uses MIS MEDIS.NET.Fig. 3Fig. 4The triage questionnaire as a part of *Smart Patient Triage Module.*Fig. 4

Questions in the questionnaire can be dynamically adjusted via the specialized questionnaire creation tool. A set of questions is created for each questionnaire. The type of question is determined for each question (multiple-choice, free text, or numeric field). The difficulty level is determined for each answer to the multiple-choice question. Minimum and maximum question difficulty levels are defined for each question. For each questionnaire one or more decision-making thresholds are adjusted, based on which the condition of a patient is estimated after the completed questionnaire. Based on the score achieved and values of adjusted decision-making thresholds an appropriate system notification is created.

*COVID-19 Scheduling Module* is developed during the pandemic. This module enables smart scheduling of checkup appointments to certain identified critical groups of patients with huge enough time slots. Huge time slots enable contact avoidance of patients who belong to vulnerable groups at the health center. The system proposes the most suitable times of appointments for groups of patients identified according to following parameters: chronic patient, chronic diagnosis, acute state, age, gender, mobility of patients, risk factors, the date of previous visit.

*Module for Children Online Enrollment in Schools (MCOES)* enabled integration of MIS MEDIS.NET with *Republic Services for School Enrollment* which was developed by the Ministry of Education of RS. In this way medical certificates for school enrollment of pre-school and school children from EHR are automatically delivered to the *Republic Services for School Enrollment*. Since children and their parents do not have to come to the health center to collect paper certificates as it was earlier the standard procedure, their degree of social distancing increased.

*COVID-19 Reporting Module* is an extension of the existing *Reporting Module* \[[@bib0200]\]. The module is realized in order to facilitate the creation of fast and efficient reports during the pandemic. The possibilities of creating jobs and periodic reporting are supported by sending automated reports via email to the heads of services and management of health center about the current situation related to the COVID-19 pandemic. This module enables the creation of dynamic reports and has a personalization option for each employee.

### 4.1.2. Pre-existing modules from MIS MEDIS.NET {#sec0035}

*Smart EHR Module* enhances MIS MEDIS.NET making it a more advanced version. One of the functionalities of the module is the clustering of patients based on the demographic and medical data by using the DNN \[[@bib0205]\]. Logistic regression \[[@bib0210]\], Random Forest \[[@bib0215]\] and DNN are used for the implementation of subsystem for the smart identification and assessment of patients who will not come to the appointment with the chosen physician or/and to expensive diagnostic examinations for which a patient needs to wait, sometimes even for several months. This system has enabled patients to make appointments in overlapping slots \[[@bib0220]\] during the COVID-19 pandemic. For chronic patients \[[@bib0150]\] during a pandemic, a special submodule is used which suggests to general practitioners a possible therapy with the amounts of a medicine and the periodicity of taking a medicine, as well as possible referrals for specialist examinations \[[@bib0225]\]. Due to the use of new medicines during the treatment of infected patients with the COVID-19 infection, a subsystem is used as an assistance, which warns the physician whether the prescribed therapy corresponds to the established diagnosis. The subsystem also informs about the possible contraindications with other medicines the patient is using. A smart mobile reminder for taking the prescribed therapy \[[@bib0230]\] helps elderly and chronic patients during the pandemic not to forget to take the therapy at the predefined time. The developed subsystem for the use of existing data from MIS MEDIS.NET in the education of students at the Faculty of Medicine and newly employed workers, as well as for medical research \[[@bib0235]\], enables tracking and studying the COVID-19 disease at this stage. *Open Data Service* is used for obtaining the demographic data from available open data sets in Serbia \[[@bib0240]\].

*Scheduling Module* is responsible for recording scheduled/cancelled appointments of patients for an examination with chosen physicians/diagnostic devices. The centralized management of arranged checkup appointments and diagnostic procedures of patients was accomplished by integrating *Scheduling module* with the service/application *"Moj doktor" IS* \[[@bib0245]\].

*Mail Notification Modul* is responsible for providing service information to patients and health center employees via email. *SMS Notification Module* enables providing service information via SMS \[[@bib0250]\]. During the pandemic these modules were used for sending information to health care employees and patients.

In order to receive updated demographic data for each patient during the pandemic *Reporting Modul* was connected to *OpenData* available services of the RS \[[@bib0240]\].

*LIS* (*Laboratory Information System*) is a special IS, integrated with MIS MEDIS.NET. As a separate extension of *LIS, Result Sending Module* is developed. *Result Sending Module* aims at sending results to patients vie email or SMS. The increased degree of social distancing was achieved in this way, since patients did not have to collect results of biochemical analyses at the health center in person.

*Human Resources Department Module* contains additional data about the healthcare personnel who are infected with COVID-19. The data recorded for each healthcare worker include the date when he/she was diagnosed with COVID-19, the patients he/she interacted with, physical location of his/her stay in the healthcare facility while he/she was infected (28 days backwards from the moment of diagnosing the disease).

*Diabetes Records Book Module* was developed as an extension of *EHR* module. The module is connected to the state *KED "Batut" IS* (the central register of all patients suffering from diabetes in the RS). The module enables centralized detailed keeping of book of records of patients suffering from all types of diabetes in the country.

*Therapy Extension Module* enables forwarding of the prescribed therapy, which goes onto the prescription with the exact therapy validity date, to the centralized \"*E-Recept\" IS*. During the pandemic this module enabled the prolongation of therapy to chronic patients up to six months, thus avoiding unnecessary contacts.

*Modul for Chronic Patients* was created to keep the record about chronic patients. The module represents the register of chronic patients with established diagnosis and established therapy. The register enables fast check whether some patient has an established chronic diagnosis. For a chronic patient the whole course of treatment is shown. The lack of this module is currently its local availability (the register at the HCN). This module is of great importance in the triage of patients during the COVID-19 pandemic.

4.2. Benefits of MIS MEDIS.NET use during the COVID-19 pandemic {#sec0040}
---------------------------------------------------------------

In the [Figs. 5](#fig0025){ref-type="fig"} and [Fig. 6](#fig0030){ref-type="fig"}6 a significant decrease of the arrival of patients during pandemic weeks at HCN is presented after the implementation of additional modules developed during the COVID-19 pandemic.Fig. 5Number of Prescriptions, Referrals, gander (Male, Female) and age structure (\[0-6\], \[7--18\], \[19--34\], \[35--64\], \[65--79\] and 80+) at Health Center Nis during 11th, 12th, 13th, 14th, 15th week of 2017, 2018, 2019 and 2020.Fig. 5Fig. 6Number of Specialist examinations, Lab referrals, Prescriptions, Patients and most frequent diagnoses (I10, E11, D50, J20, J02) at Health Center Nis during 11th, 12th, 13th, 14th, 15th week of 2017, 2018, 2019 and 2020.Fig. 6

In the [Fig. 5](#fig0025){ref-type="fig"}. the most significant decrease in the number of patients' arrivals can be noticed from the 13th pandemic week of 2020, in comparison with the number of patients' arrivals during the same weeks of previous years. It was achieved by increasing the degree of social distancing. Due to the reduced number of patients, the number of specialist referrals was also lowered. By the implementation of additional module (MCOES), the number of arrivals of pre-school children (Age \[0−6\]) and school children (Age \[7--18\]) decreased significantly. MCOES enabled a direct transfer of medical certificates from the health center to schools, where the children were applying for an enrollment. A significant drop in arrivals was recorded as well for elderly patients, Age \[65−79\] and Age 80+, which belonged to High Risk (HR) and The Highest Risk (\*HR) categories respectively ([Table 1](#tbl0005){ref-type="table"}). In most cases those were chronic patients with established regular therapies, which temporarily needed to be controlled and corrected. Those categories of patients represent the most vulnerable group that needs to be most protected during the pandemic. The integration of MIS MEDIS.NET with the *COVID-19 Republic IS* enabled online communication of patients with chosen physicians, which significantly influenced the decrease in number of patients belonging to Age \[19--34\] and Age \[35--64\] categories. In this way increased social distancing was achieved in the patient to patient and patient to healthcare worker relationship. Reduced contact frequency at the HCN implies the reduced probability of infecting the medical staff. The amount of prescriptions ([Fig. 5](#fig0025){ref-type="fig"}) was lower in comparison with the amount of prescriptions during previous years. The prescriptions item in the [Fig. 5](#fig0025){ref-type="fig"} includes the number of prescriptions as well, which were automatically prolonged to chronic patients.

From the 12th pandemic week, the number of patients who received referrals for specialist examinations decreased notably ([Fig. 6](#fig0030){ref-type="fig"}). Out of all the patients who came to the HCN, the patients who were referred to specialist examinations were predominantly chronic patients. In most of the cases those were the patients with diagnosed I10 - Essential (primary) hypertension and E11 - Type 2 diabetes mellitus. The reduced number of patients at the HCN also influenced the decrease in the laboratory referrals. The [Fig. 6](#fig0030){ref-type="fig"} presents also the most frequent diseases for which prescriptions, referrals and laboratory orders were used.

All the patients who visited the health center showing some symptoms of COVID-19 went through the triage algorithm. Despite the lower arrival of patients ([Table 3](#tbl0015){ref-type="table"} ) the number of patients who were forwarded to the Clinics of Infectious Diseases and Pulmonology was higher in comparison with last years. Taking into consideration that the number of arrivals of patients at HCN was in general reduced ([Figs. 5](#fig0025){ref-type="fig"}, [6](#fig0030){ref-type="fig"}), the increase of such referrals was significant. COVID-19 as a significant manifestation had a rapid change of health condition on the lungs of a patient, so patients were after completing triage urgently referred to already mentioned external clinics for urgent further diagnostics.Table 3Total number of patients referred to infectious clinic (IC) and pulmonology (P).[\*](#tblfn0015){ref-type="table-fn"}.Table 3YearReferral TypeWeekWeekWeekWeekWeekTotal Referrals11\
(%)12\
(%)13\
(%)14\
(%)15\
(%)2020P15.5712.0222.9523.5025.96366IC18.4110.7920.6322.8627.303152019P25.4517.2721.8219.5515.91220IC25.2619.1118.7716.0420.822932018P29.3015.8122.7915.3516.74215IC25.3517.3720.6618.3118.312132017P19.3419.8918.7825.4116.57181IC20.6923.7123.2818.9713.36232[^3]

The overview of patients who completed triage (their number and percent) during the 13th, 14th, 15th pandemic weeks is presented in 4 categories in the [Table 4](#tbl0020){ref-type="table"} . The highest number of patients was with a Green priority. Those were patients who could be in home isolation, patients who were tested and not diagnosed with COVID-19, although they showed some infection symptoms or were in contact with infected or potentially infected persons. Patients with a Yellow priority had a clear picture of disease and were hospitalized in temporary COVID-19 hospitals. Patients with a Red priority were confirmed COVID-19 cases who also had some chronic disease and belonged to highly vulnerable groups ([Table 1](#tbl0005){ref-type="table"}). These patients were hospitalized and required constant monitoring. Patients with a Blue priority needed to be hospitalized and were directly transported from home to COVID-19 hospitals.Table 4Categories assigned by triage at the health center using *Module for Smart Patient Triage*.[\*](#tblfn0020){ref-type="table-fn"}.Table 4PriorityPandemic Weeks131415Highest priority\
- Red -\
Hospitalization149 (19.7 %)158 (35.4 %)181 (13.2 %)Intermediate priority\
- Yellow -\
Hospitalization/COVID19-Hospitals153 (20.2 %)42 (9.5 %)444 (32.4 %)Self-Care\
- Green -\
Home isolation456 (60.1 %)246 (55.1 %)748 (54.4 %)\*Hospitalization\
- Blue -0 (0%)0 (0%)0 (0%)Total patients on triage7584461373[^4]

5. Discussion {#sec0045}
=============

One of the most significant and most efficient measures in the suppression of COVID-19 pandemic is increasing social distancing. In order to increase social distancing in a patient to patient and patient to healthcare worker relationship, additional modules in MIS MEDIS.NET were developed. The additional modules enabled the implementation of social distancing within healthcare institutions, where at the same time the concentration of viral pathogen is high, as well as the probability of infection during the COVID-19 pandemic. By reducing contacts, the quality of medical services provided to patients was not impacted, on the contrary, the quality was increased since medical staff was able to dedicate more time to the patients who came to examinations (the number of patients in the HCN decreased). The decreased number of patients at the HCN, which represents the primary healthcare institution, enabled the medical staff to engage in special COVID-19 hospitals and infirmaries on the territory of the city of Nis as a medical support. In this way the healthcare capacity during the combat against the COVID-19 disease increased, where each physician and nurse represented a valuable resource during the new pandemic. The module developed for triage enabled fast detection of infected patients by the novel virus and prompt actions in order to provide quick and quality medical care. Besides that, more difficult cases of the coronavirus infection were transported into the specialized COVID-19 hospitals. Certain reports from MIS MEDIS.NET enabled the Crisis Staff in the city of Nis to efficiently trace potentially infected persons and medical staff, which was an important measure during the pandemic to avoid having a huge number of infected healthcare employees by the novel virus. In the continuation of discussion, it is presented how MIS MEDIS.NET with additionally developed modules during the COVID-19 pandemic responded to the combat against the pandemic from the perspective of increasing the degree of social distancing.

*MCOES* reduced the need of children and their parents to visit the HCN to receive paper health certificates for the enrollment of children in primary or secondary schools. In this way the stay of children and their parents in the rooms with the high probability of COVID-19 infection presence was prevented. *MCOES* enabled significant reduction of their arrival at the health center.

For chronic patients, the therapy duration does not have a time limit, and control checkups are planned every 3 months. The established therapy is corrected/confirmed during control checkups. Due to the COVID-19 pandemic with the help of *Therapy Extension Module* the duration of prescribed therapy to chronic patients was extended to 6 months. In this way the number of arrivals of chronic patients to the chosen physician for a control checkup and extension of chronic therapy was reduced. A patient could take the extended therapy directly at the nearest pharmacy or upon a special request could receive it to a home address. The aim of such changes was to reduce the number of contacts of chronic patients, as well as their movement and circulation at HCN and outside of their homes. [Fig. 6](#fig0030){ref-type="fig"} clearly shows the reduction of the number of arrivals of chronic patients suffering from hypertension (ICD-10 I10 - Essential (primary) hypertension) and diabetes (ICD-10 E11 - Type 2 diabetes mellitus). During the 12th pandemic week via *Therapy Extension Module* the therapy was extended to all chronic patients with the validity of 6 months. Due to the reduced physical movement during the pandemic week there were sporadic cases that had to contact the chosen physician to change the therapy because of problems with hypertension. The online consultation with a chosen physician significantly helped those patients. Due to the extension of therapy validity for chronic patients, the number of arrivals of patients to the physicians of various specialties was reduced ([Fig. 6](#fig0030){ref-type="fig"}, Specialist examination). A significant decrease in the number of arrivals was noticed also for patients with diagnosed hypertension and diabetes, who actually belong to the most vulnerable category during COVID-19. By adapting MIS the number of their arrivals at the HCN was significantly reduced, at the same time the degree of their social distancing was increased and exposure to the viral environment was reduced.

The information about available free appointments and scheduled checkups, as well as about the availability of chosen physicians from *Scheduling Module* MIS-a MEDIS.NET is available to patients via the online portal *"Moj doktor"* IS-a \[[@bib0245]\].

*Smart EHR Module* also enabled scheduling of overlapping appointments during the state of emergency and COVID-19 pandemic. This mode of appointments scheduling was used for the patients who did not have visible COVID-19 symptoms. The aim of this feature was to increase the occupancy rate of available appointments for medical checkups. Due to the COVID-19 pandemic, 62 % of patients were not coming to scheduled appointments which is a decrease in the number of patients who come to scheduled appointments on a regular basis. One of the main reasons for such a decrease was that the movement of patients was limited during the state of emergency on the territory of the RS. In order to obey the movement time limitations, patients were coming to the HCN outside of the scheduled time slots, when they could go out. Consequently, the scheduled time slots remained empty and available. Since the 12th week of 2020 the number of scheduled appointments with chosen physicians dropped even for 76 %.

*SMS Notification Module* and *Mail Notification Module* were used during COVID-19 pandemic for the constant notification of all patients about general issues: advice for the conduct of patients during COVID-19 pandemic, patients were informed about the opening hours of certain services, available appointments of a chosen physician if the time for the control checkup approached. One of the main issues was that not all patients (23 %) had email addresses and cell phone numbers inserted in the database.

*Result Sending Module* is aimed at sending the results of biochemical analyses to patients via email or SMS. The objective of the module is to reduce the contacts among patients and healthcare workers at the counter of the Department for Biochemical Laboratory while receiving the results of analyses. Also the smart notification of patients via emails is supported. The system informs a patient to urgently call a chosen physician depending on the results of marked analyses for the notification. Those notifications are forwarded to epidemiologists. The number of laboratory referrals and analyses significantly dropped ([Fig. 6](#fig0030){ref-type="fig"}). However, the patients who went to the biochemical laboratory to give samples gladly accepted to receive the results per SMS or email. The problem appeared with patients who did not have access to computers. The percentage of such patients out of all patients who had laboratory referrals during pandemic week was 28 %.

*Reporting Module* enables the creation of geographic division, analysis and prediction of spatial expansion of infection caused by COVID-19 pandemic according to: areas, municipalities, parts of cities, neighborhoods, work place (according to institutions, factories, companies), regions.

The most significant decrease of arrivals of patients at the HCN was recorded during the 13th, 14th and 15th pandemic week. It was influenced by the developed modules which were distributed to the HCN as they were developed and adapted. The greatest decrease so far was recorded in the 14th week of 2020 ([Figs. 5](#fig0025){ref-type="fig"}, [6](#fig0030){ref-type="fig"}). During the 13th pandemic week the integration with COVID-19 IS was completed so patients started to significantly communicate online with chosen physicians. At the same time, the number of their arrivals at the HCN decreased, which means that contacts and the stay in the environment with high virus presence incidence were reduced.

The age structure of patients who were coming the most during pandemic weeks was from 35 to 65 years of age ([Fig. 5](#fig0025){ref-type="fig"}). The number of arrivals of elderly patients (age 65+) decreased immensely, which enabled their social distancing from other patients at the HCN.

The significant data for the Crisis Staff who managed the actions aimed at the suppression of the COVID-19 spread were the data about the persons who were coming to physicians for examinations, during the period when the physicians were infected, and who were later diagnosed with the presence of COVID-19 (14--28 days before registering the disease). These data were provided by *COVID-19 Reporting Module* and *Human Resources Department Module.*

The University of California, San Diego Health (UCSDH) incorporated a series of EHR enhancements created to support the rapid deployment of new regulations, procedures, and protocols across a healthcare system to combat the COVID-19 pandemic \[[@bib0255]\]. They developed the multimodal COVID-19 screening processes, such as telephone calls, direct email, and EHR messaging, which take place before personal encounters. Since triage protocols were developed as multiple templates and embedded in EHR, they can be easily updated for screening purposes. This functionality for the creation of triage protocols is similar to the presented triage questionnaire in *Smart Patient Triage Module* which is also configurable. As a good solution to avoid unnecessary patient and staff exposure, they developed the Patient Facing Technology which includes video visits for outpatients, and it is achieved by moving in person clinic visits to telemedicine-based visits. MIS MEDIS.NET achieved the wider degree of social distancing using The *Therapy Extension Module* and *MCOES*. The *COVID-19 Reporting Module* is similar to the UCSDH COVID-19 operational dashboard, from the perspective of constant COVID-19 pandemic reporting. The authors from UCSDH created a predefined set of laboratory analyses especially for COVID-19, with the possibility of adding additional analyses. In MIS MEDIS.NET during triage besides a standard set of analyses for COVID-19, the system proposes additional analyses, which can be accepted or denied by the physician. The authors argue that the EHR is a necessary tool in supporting the clinical needs of a health system during the COVID-19 pandemic management.

One of the limitations of this study is that the top 10 chronic ICD-10 diagnoses did not include psychiatric illnesses such as depression. Psychiatric patients were deprived of psychiatric care and resulted in more severe levels of depression and anxiety during COVID-19 pandemic \[[@bib0260]\]. Workers are reluctant to taking time off work to attend hospital/clinic during COVID-19 pandemic \[[@bib0265]\] and the MIS MEDIS.NET may help them to book appointment. Future research is required to extend the application of MIS MEDIS.NET to psychiatric patients and workers. Furthermore, MIS MEDIS.NET can work with smartphone applications to deliver counselling \[[@bib0270]\], rehabilitation \[[@bib0275]\], support caregivers \[[@bib0280]\] and monitor symptoms \[[@bib0285]\].

6. Conclusions {#sec0050}
==============

Since the coronavirus has potential for long lasting global pandemic with huge mortality rates and overloaded health systems, currently the only possible prevention is case isolation, contact tracing and quarantine, physical distancing, and hygiene measures \[[@bib0290]\]. A key approach to avoid the exceeding of health care capacities is by successfully implementing social distancing as a measure to control the spread of COVID-19. In order to achieve this, prolonged social distancing might be required until 2022 \[[@bib0295]\]. The newly upgraded system MIS MEDIS.NET was designed to assist the health care system of the Republic of Serbia to reduce the number of infected patients by implementing the measures of contact tracing and social distancing. This paper presents upgrades and adaptations of existing MIS MEDIS.NET during first 4 weeks from the beginning of the state of emergency and significant results which were achieved in reducing the following types of contacts: patients to patients, patients to healthcare workers at the health center. The proposed triage of patients during COVID-19 is a critical functionality for quick actions in case of the patients in critical conditions. Additional work is needed to upgrade the triage module with additional cases of use and to be available online to patients for self-triage. The results achieved by adapting MIS MEDIS.NET for the needs of COVID-19 pandemic and the experience acquired can also be used during other epidemics around the world (e.g. seasonal flu epidemic, jaundice epidemic, smallpox epidemic).

The next steps in the development of MIS MEDIS.NET aiming at the reduction of contacts and identification of potentially infected persons and endangered areas would be the integration with the geographic information system of the city of Nis. The development of mobile applications and their integration with MEDIS.NET could significantly assist epidemiologists in easier identification of potentially infected persons.
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[^4]: Patients who need to be hospitalized were directly transported from home to COVID-19 hospitals.
